Background: It is unclear whether the severity of and recovery from the initial demyelinating event
given patient has an inherent tendency to develop clinical demyelinating events of similar severity and recovery.
In this prospective cohort study, we sought to identify clinical factors associated with the severity and recovery of early clinical events in MS. In addition, we evaluated whether an event's severity and recovery are associated with the severity and recovery of subsequent events.
METHODS This project was approved by the UCSF Committee on Human Research. Clinical and demographic information for all patients seen at the UCSF MS Center is entered into a Microsoft SQL server database (retrospectively at the first visit and prospectively for subsequent visits). 10, 12 Routine follow-up visits typically occur every 6 months; unscheduled visits occur if a patient has an exacerbation. We queried the database for all patients with clinically isolated syndrome (CIS) and RRMS seen within the first year of disease onset between January 2000 and June 2007. 13 We included only patients seen early after disease onset since accumulated disability and frequent symptom fluctuations may preclude accurate relapse characterization later in the disease course.
Patients were divided into two groups to analyze the effects of race/ethnicity: white, non-Hispanic (hereafter referred to as white) and nonwhite (all others). Demyelinating events were new or recurring neurologic symptoms referable to the CNS lasting for at least 48 hours after a remission of 30 days or more since the previous event. Pseudoexacerbations were excluded. Based on clinical history and examination, each patient's relapses were coded as occurring in the spinal cord, brainstem/cerebellum, optic nerve, or cerebrum. An event was considered polyregional if it involved at least two of these locations. A patient was considered as being on disease-modifying therapy (DMT) if he or she had at least 90 days of continuous treatment, since it is thought that there is a lag between initiation of therapy and the onset of therapeutic effectiveness. 14, 15 The severity of and recovery from the IDE was determined by trained individuals (S.D., E.M.) based on definitions derived from previous publications. 10, 11, 16, 17 Mild IDE severity was defined as Functional Systems (FS) scores of 0 to 1 in one to three FSs or visual acuity (VA) better than or equal to 20/40, Expanded Disability Status Scale (EDSS) score range of 0 to 1.5 inclusive; moderate severity was defined as a score of 2 in one or two FSs or four or more scores of 1 or VA of 20/50 to 20/190, EDSS score of 2.0 to 2.5 inclusive; relapses exceeding prior criteria were considered severe. Recovery was scored using the lowest EDSS and FS scores reported between 2 and 12 months after the attack. IDE recovery was considered complete (no residual complaint, normal follow-up examination, all FS scores ϭ 0, follow-up EDSS score ϭ 0), fair (residual subjective complaint that does not impair activity, or at least one FS score of 1 at most or VA better or equal to 20/40, follow-up EDSS score ϭ 1.0 to 1.5), or poor (at least one FS score of 2 or more or VA of 20/50 or worse, follow-up EDSS score 2.0 or greater).
For second and third events, severity was scored the same way as for the IDE if the pre-event EDSS was 0; if the pre-event EDSS was Ͼ0, the severity was defined as mild (EDSS increase by 0.5 point, or 1 point change in up to three FS scores), moderate (EDSS increase by 1 or 2 points, or 2 points change in up to two FS, or 1 point change in four or more FS), or severe (exceeding prior criteria).
Recovery from the second or third event was defined as complete if no residual signs or symptoms remained above those present before the attack, fair if EDSS increased by up to 1 point or if there was an increase of 1 point on one or two FS (residual subjective complaint or new residual finding compared to baseline that does not impair activity), or poor if exceeding prior criteria.
Potential predictors of severity and recovery of all events included sex, race/ethnicity, age at onset, event location, and abnormal (at least one T2-weighted hyperintensity) vs normal baseline brain MRI. There were not enough cerebral second or third events to provide useful analyses. Monoregional vs polyregional event status was evaluated for an association with event recovery. The severity of the preceding event was used to predict that event's recovery as well as the subsequent event's severity. Preceding event recovery was used to predict subsequent event recovery. DMT use was added as a predictor of severity and recovery of second and third events. Multivariate models were generated to evaluate potential confounding. Because event severity is to some extent collinear by definition with monoregional vs polyregional status, the multivariate models for recovery included only severity as a predictor.
Statistics. Statistical analyses were performed by Barbara
Grimes, PhD, and Peter Bacchetti, PhD, University of California, San Francisco. Appropriate summary statistics were used to describe categorical and continuous variables. Since severity and recovery were measured on an ordered, three-level scale, ordinal logistic regression was used. This method assumes a common odds ratio (OR) for each predictor's association with both severe vs mild or moderate severity and severe or moderate vs mild severity; similar assumptions were made for recovery (the proportional odds assumption). When there was evidence against this assumption, we dichotomized the outcome and performed logistic regression. For the severity analyses, the dichotomized outcome was severe/moderate vs mild events. Violations occurred for univariate predictors of IDE (brainstem/cerebellar or optic nerve involvement), second event (spinal cord symptoms), and third event (nonwhite race/ethnicity, brainstem/cerebellar or optic nerve symptoms) severity as well as for the IDE and third event multivariate models. For the recovery analyses, the dichotomized outcome was poor/fair vs complete recovery. It was required for univariate analyses for IDE (gender, IDE severity, brainstem/cerebellar, or spinal cord symptoms) and second event (disease-modifying therapy) recovery as well as for the multivariate model of IDE recovery.
RESULTS Patient and event characteristics.
We identified 330 patients (224 women) seen at the UCSF MS Center within a year of the first MS symptoms; mean follow-up was 759 Ϯ 575 days (median 633 days, range 23-2,692 days). The mean age at IDE onset was 34 Ϯ 12 years. A total of 267 (81%) patients were white; the remaining patients were African American (21), Asian (15), Hispanic or Latino (14) , Native American (1), or unknown (12) . At onset, 301 (93%) of the 323 patients who had available imaging had an abnormal brain MRI.
A total of 153 (46%) patients received high dose IV steroids for the IDE, and DMT was initiated in 54% of patients (n ϭ 178) during the entire follow-up period (Avonex 29%, Rebif 10%, Copaxone 8%, Betaseron 6%, other 1%). Only 36 patients (24%) who had a second event initiated DMT before it occurred; 35 patients (56%) who had a third event initiated DMT beforehand. A second clinical event was experienced by 46% (n ϭ 152); 19% (n ϭ 63) experienced a third. The severity, recovery, and locations of events are presented in table 1. Events were polyregional in 48 (15%) of first, 20 (13%) of second, and 13 (21%) of third relapses.
Factors associated with event severity. Univariate analyses. Nonwhite and younger patients had a higher odds of experiencing more severe first, second, and third events (table 2). The associations of race and age with third event severity had wide confidence intervals, reflecting the smaller number of subjects. Treatment with DMT prior to the second or third event was not meaningfully associated with severity (table 2) .
A more severe preceding event was associated with a substantial increase in the odds of a more severe second or third event, with a more than threefold increase in the odds if the first event was moderate compared to mild and a greater than fiveto sixfold increase in the odds if the preceding event was severe compared to mild (table 2). Poor recovery of the prior event predicted substantially increased odds of a more severe subsequent event (table 2) .
Multivariate analyses. In the multivariate analysis evaluating predictors of IDE severity, which included age, location, and race, there were not substantial changes from the univariate analyses except that optic neuritis was more likely to be associated with IDE severity, whereas spinal cord onset did not seem to meaningfully predict severity (table 3) .
The multivariate model for second event severity included age, race, location, IDE severity and recovery, and DMT. The results were not meaningfully dif- Poor 54 (17) 11 (7) 6 (10) *Total does not add up to 100% since some patients had multiple sites affected. †Could not be calculated for a few individuals. The most important predictors of relapse recovery were the concurrent event severity and the degree of recovery from the prior event (table 4) . A moderate vs mild event was associated with a two-to threefold increase in the odds of poorer recovery of the first, second, and third events, while a severe vs mild event was associated with a 4-to 17-fold increase in the odds of worse recovery, although the CIs surrounding the ORs for the second and third events are wide due to the lower number of patients who had them ( *There were not enough second or third events in the cerebrum to generate an odds ratio. OR ϭ odds ratio; CI ϭ confidence interval; BS/CE ϭ brainstem/cerebellum; N/A ϭ not applicable; DMT ϭ disease-modifying therapy.
latter two predictors appeared to be meaningful, but the CIs surrounding the ORs were large (table 5) . Age, location, and nonwhite race did not appear to substantially impact recovery. There was a trend for DMT to be associated with a worse recovery (OR ϭ 2.54, 95% CI [0.65, 9.88], p ϭ 0.18). *There were not enough second or third events in the cerebrum to generate an odds ratio. OR ϭ odds ratio; CI ϭ confidence interval; BS/CE ϭ brainstem/cerebellum; N/A ϭ not applicable; DMT ϭ disease-modifying therapy. *There were not enough second or third events in the cerebrum to generate an odds ratio. OR ϭ odds ratio; CI ϭ confidence interval; BS/CE ϭ brainstem/cerebellum; N/A ϭ not applicable; DMT ϭ disease-modifying therapy.
DISCUSSION Our finding that individuals with MS inherently experience relatively similar severity of and recovery from relapses over time early in the disease course substantiates the concept that at the individual level, patients with MS may have predetermined disease features. This notion is supported by our previous reports that a given patient with RRMS is likely to have consecutive relapses in the same location within the nervous system and that there may be pathologic homogeneity within, but not between, individuals with MS. 12, 16, 18 Whether stereotyped severity, recovery, and location of exacerbations is explained by genetic polymorphisms or other underlying biologic processes remains to be determined.
Since poor recovery from early events predicts a worse long-term MS prognosis, interventions that modify this tendency toward more severe relapses with poor recovery are needed. 1, [3] [4] [5] 7, 9 Incomplete recovery may result from a more severe initial injury, such as axonal damage, 19 or from limited repair processes. Studying relapse severity and recovery as secondary outcome measures in trials of neuroprotective agents may give insight into the responsible mechanisms. Whether current DMTs modify relapse severity or recovery is uncertain. DMT reduced the annual rate of moderate and severe exacerbations in one study. 20 Here, DMT did not seem to attenuate relapse severity or recovery, although many patients did not receive treatment prior to the second or third attack. Also, this was not a randomized study, so patients who received DMT may have been different from those who did not.
In previous studies, African Americans had more rapid disease progression or were more likely to be disabled than were Caucasians, suggesting that the long-term course of MS may be more aggressive in the former group, although predictors of such outcomes have not been fully characterized. [21] [22] [23] [24] Here, we demonstrate that nonwhite race/ethnicity was associated with a higher odds of more severe demyelinating events. We report elsewhere that nonwhites have a twofold increase of the risk of an early second demyelinating event. 25 It is less clear if nonwhite race is predictive of poor recovery from events since the CIs are so wide. Extended follow-up of the cohort will help further define the long-term outcomes of this heterogeneous group of nonwhite patients.
This study confirms previous reports that poor recovery of a first MS event is associated with severe presentation and polyregional onset. 7, 10, 11 We expand these findings by showing that the severity of the second and third events also predicts their recovery. Younger patients appeared more likely to have a more severe IDE, and there was a trend for younger patients to experience better recovery of the first and second events. These results should be confirmed in a larger cohort. If the differential effect of age exists, perhaps younger patients have attacks associated with more edema such that symptoms are worse at their peak but also resolve more completely as the edema subsides. Younger patients may also have more plasticity and therefore better repair. The effect of location, as evidenced in the multivariate models, was complex and requires further study in a larger cohort. Onset in the spinal cord did not appear to meaningfully influence relapse severity but was predictive of poor recovery of the IDE. Conversely, onset in the other three locations was associated with increased severity of the IDE (with a trend for the same when the second event involved the brainstem/cerebellum) but did not seem to meaningfully predict recovery. These data suggest that inflammation and repair processes are different in some CNS locations.
There are some limitations to our study. Those who were determining severity and recovery of attacks were not blinded to the assignations for previous attacks. While this could raise questions of whether misclassification bias was introduced, the fact that rigid definitions based on objective examination findings were used makes it unlikely. We used 2 to 12 months as the postexacerbation time interval in which we measured recovery, which may generate concern that some patients whose recovery was documented early in this period may have experienced continued recovery later in the interval that was not captured in this analysis. However, one study demonstrated that the proportion of individuals who had incomplete recovery after a relapse did not change when recovery was measured 30 to 59, 60 to 89, or 90 or more days after the exacerbation. 26 These data suggest that there is little meaningful change in recovery over time when it is measured beyond 30 days postrelapse. Our definitions of severity imply that milder events are less likely to be followed by poor recovery. While the EDSS scales are nonlinear, potentially limiting the scoring of severity and recovery, this cannot explain the within-patient tendency to experience similar severity or recovery for their first three MS exacerbations. The sample sizes for the second and particularly the third event are small, resulting in widened CIs for predictors of these events' severity and recovery. However, for the main predictors of interest, the point estimates were generally in the same direction as for the IDE model, and most of the wider CIs were similar to or encompassed those of the IDE models, indicating biologic consistency that bolsters the credibility of the findings. Finally, long-term outcomes and CNS imaging with quanti-tative measures of injury and repair are not available for this cohort but could add to our understanding of the pathophysiologic processes at play.
Patients with a more severe presentation and poor recovery at MS onset have an inherent tendency to continue on a similar trajectory for subsequent events. It is unclear if earlier or more aggressive treatment in patients with such poor short-term prognosis limits the long-term accrual of disability. We are currently investigating if specific genetic polymorphisms are associated with severity of and recovery from demyelinating events.
